ABSTRACT
In Iowa, 53 percent of the corn that is harvested is used for ethanol production.
Almost two-fifth of the ethanol that is generated is used for fuel. The distribution of biofuels increased by 0.7 percent in 2014 due to the rise in the sale of ethanol. If Iowa continues to allocate biofuels at the rate of 0.7 percent per year, the set target of replacing 25 percent of gasoline with biofuels by 2020 would not be satisfied. This underscores the need for programs such as "Fueling our Future. As part of the program, surveys were conducted at various gas stations in Iowa. The purpose of these surveys was to investigate consumer fuel choices as well as the reasoning behind those choices. By doing so, it was possible to determine the consumer acceptance and awareness of different biofuel blends such as E10, E15, E20, E30 and E85.
CHAPTER 1. INTRODUCTION

Background and Motivation
Transportation is essential to the daily activities of humans as well as the growth of the economy. However, the transportation sector is also a major contributor to fossil fuel and greenhouse gas emissions. Climate change poses a serious threat to the environment and to human health. Moreover, the depletion of fossil fuels creates the urgent need to develop and promote viable alternative fuels. In other words, fossil fuels are non-renewable, hence the need for renewable energy to ensure energy sustainability in the future. When compared to alternative fuel such as Ethanol, Natural Gas, Electricity, Biodiesel, Hydrogen, and Propane, Biofuel has been among the most promising alternative for a number of reasons, including that it can be used directly in conventional engines without major modifications. The Iowa Renewable Fuels (1) stated that over the last decade, the ethanol industry in the U.S. has prospered, with more than 200 corn-ethanol biorefineries across the nation with the capacity to produce more than 15 billion gallons of ethanol.
There is a vast number of literature available regarding the effects of ethanol-gasoline blends, on the engine's performance, fuel efficiency and emissions. However, despite being the leading source of alternative fuels in the United States, government officials and policy makers know very little about the public attitude toward the expanding and new biofuel related policies. The future of biofuels cannot solely depend on effectiveness or the efficiency but also on the social and economic climate. An individual's behavior is typically guided by their attitude towards an idea or product as well as the norms established by society. Therefore, it is essential to gain an understanding of consumers' behavior to understand how a product will be accepted.
Scope of the Problem
Iowa is leading US for ethanol production. 
Alternative Fuel and Transportation
According to the US Environmental Protection Agency (2), the transportation sector is a major contributor to greenhouse gas emissions, and accounts' for about 26 percent of the total greenhouse gas emission (GHG) in the U.S. as seen in Figure 2 -1below. Additionally, the majority of GHG is Carbon Dioxide (CO2), which is from the combustion of petroleum-based products like gasoline from passenger cars and light-duty trucks. In addition, carbon monoxide, methane (CH4), nitrous oxide (N2O) and hydrofluorocarbon (HFC) are also emitted during fuel combustion but in relatively smaller amounts. Currently, oil, coal and natural gas supply around 90 percent of global energy use (5).
However, due to the heavy reliance on fossil fuels, it has raised different issues such as rising energy prices, energy security concerns, long run supply, climate change, environmental degradation and impact on human health. Therefore, there is various research being done to determine what can be done to minimize the dependence of fossil fuels. The transportation sector requires alternative means to substitute for fossil fuels to meet State, National and International Greenhouse Gas reduction goals (6) . Since 1999, in the US the number of ethanol production facilities have quadrupled, where in 2006 the ethanol imports have peaked which has influenced the US to consider ethanol infrastructure to supply domestic, predominantly in the Midwest. Leiby et al. (1997) , assert that the introduction rate of alternative fuel vehicle will be an important influence on the time path of fuel use and emissions and the sustainability of transportation patterns (7) . Biofuel can be used to drastically reduce greenhouse gas emissions from road transport over a period. The Low Carbon Vehicle Partnership (LCVP) states that the level of Greenhouse saving associated with the conversion of wheat to ethanol varies between 7 -77 percent (7). This is a vast range because greenhouse gas savings greatly depend on the production of biofuel or bioethanol.
On an international level the British House of Commons Environmental Audit
Committee (8) Ideally, E85 means the blend is made up of 85 percent ethanol and 15 percent gasoline, however this is not the case, the blending ratio varies from 51 percent to 83 percent ethanol, and it is to adjust for a lower volatility of ethanol relative to gasoline for the wintry weather.
Alternative Fuel and Iowa
Iowa ranks first and second in the production of ethanol and biodiesel, respectively due to the agricultural and manufacturing culture that produces renewable energy such as wind energy, ethanol and biodiesel (12) . Iowa ethanol production capacity in the United States has significantly increased from 440 million gallons in 2000 to 4.1 billion gallons in 2016.
According to the 2016 Retailers Fuels Gallon Annual Report by the Iowa Department of
Revenue (13), about 1.5 billion gallons of fuel was sold in Iowa where 1.4 billion gallons of that sales was ethanol blend in 2016. Additionally, 147 million gallons of pure biofuel were sold, which was 9.2% of all gasoline fuel sales. Furthermore, approximately 85% of the sales was E-10, and 0.8% was E-85. The success of the ethanol production has simulate the economic growth and added over 43,000 jobs in Iowa. (14)
Consumer Awareness of Alternative Fuels
Despite a significant increase in the use of the biofuels' consumption is relatively low, especially in western countries, compared to that of gasoline products. Tsagarakis et al. (15) considered the reason could be that the introduction of these new fuel and public opinion are not quite established yet. Their paper examines biofuel acceptance in the region of Thrace located in the North Eastern Greece using a fully structure questionnaire. They used logistic regression and tobit regression to evaluate the responses. They find that most of the respondents prefer to save energy rather than using alternative energy. Despite that respondents believed that the use of biofuel can be an effective solution against climate change and the energy problem. Tsagarakis et al showed that there are a severe lack of information, specifically young people and less educated people. However, Cacciatore et al (16) found that older respondents in their study tend to agree more with the idea that biofuel/ethanol cause more damage to environment than gasoline. It was assumed that the younger respondents have a greater sense of awareness and optimism in improving and managing the environment through technology.
Similarly, a study conducted in North Carolina and Tennessee to evaluate the public perception of bioenergy specifically regarding biofuels for transportation, using surveys during fall 2013 and spring 2014. The finding revealed that price and vehicle compatibility were the key factors in their choice of biofuels over gasoline at the pump. They too concluded that there is a significant lack of information about both bioenergy and biofuel communicated to the public. It was suggested that the local and national government needs to have a consistent and straightforward message delivered through appropriate media channels to the public to clear up any misconceptions about alternative fuels. Radics et al (17) conducted study using telephone survey revealed that respondents who said they were somewhat informed about biofuel, ethanol agreed that using biofuel is an innovative idea. They agreed that using corn to produce ethanol was a promising idea. However, despite the positive results, the overall survey data suggested that the favorable attitude toward biofuels were not particularly strong.
Jensen et al (18) evaluated consumers' willingness to pay for E85 from corn, switchgrass, and wood residues, and discovered that consumers are more willing to pay more for E85 from switchgrass than corn. This is due to the belief that the land should be used for food rather than fuel, in other words, using corn for ethanol production was viewed to negatively impact food security. Also, females were willing to pay more for E85 regardless of the feedstock type than the males, while the older respondents who were from the South and Midwest were willing to pay less than the younger respondents in those areas. Overall in their study it was surprising that the respondents were less willing to pay for E85 produced from corn.
Socioeconomics Influences
The transport system is closely associated to the socio-economic changes of a society where the mobility and levels of accessibility are the core of this relationship. The efficiency of the transport system has provided economic and social opportunities and benefits resulting in improved accessibility to markets, employment and investments. On the other hand, if the system is not up to par, there is an economic cost such as lower quality of life (19) .
The introduction of biofuel development will impact several sectors, including Agriculture, Energy and Transportation. Hence, the trends in public opinion, and household income among other factors can give an insight about the future usage or adoption of alternative fuels (20) .
Consumer behavior is a major factor in choosing a product or service. There are numerous factors involved in the decision process. These include personal factors such as: ensure it was understandable to respondents. Also, the surveys were tailored based on the fuel available at the participating stations, but the general template was uniform so that the questions asked were consistent.
The survey structure included the type of fuel the consumer purchased and the reason for their selection, vehicle model, type and year and why the consumer did not select a higher ethanol blend depending on the fuel purchased. Additionally, the age, gender and other demographic information was requested in the survey.
Furthermore, participants who were under the age of 18 were excluded as it required parental approval which was not feasible under the circumstances of the collection method.
It is important to note that this method was chosen to prevent hypothetical bias, as individuals tend to respond differently to hypothetical scenarios than what they actual do in the real time in the same scenario.
Participating Stations
A list of stations that offer biofuel blend was obtained from the Iowa Renewable Fuels 
Data Aggregation
The responses from the surveys were manually entered and coded using Microsoft Excel.
The data were aggregated by station and summarize by topic. Additionally, the results were expressed based on the brand location rather than the individual location. The identity of stations regarding the results was coded as A, B, C, D, E, and F hereon forth in this paper. Table 3-1 below shows a summary of the common responses for each station as it pertains to a few of the questions of the survey. Table 3 -1 shows that the most common fuel purchase was E10 at all fuel stations. It is important to note that fuel type E10 is the limit for passenger vehicles which has a model year older than 2001, so it would be a common fuel to purchase in a sense of compatibility and availability. However, the compatibility is not the sole or common reason, but cost is also a factor.
Moreover, the 
Logistic Regression Model
The logistic regression model can measure the relationship between dependent variables or independent variables by estimating the probabilities using logistic functions. For logistic regression, a binary indicator variable coded as 1 or 0 in the case of this project, fuel purchased was transformed into a binary to be the dependent variable. E-0 to E-10 (lower blend) was coded grouped and coded as 0 while E-15 to E-85 (higher blend) was coded as 1. The purpose of the model was to determine what variables influences or increase the probability of a higher ethanol fuel blend.
A logistic regression model starts with a basic logic model which β0 model constant, and β1, where βi are the unknown parameters corresponding to the explanatory variables. 
Survey Results & Relationships
Consumers were asked what type of fuel they were purchasing, which is illustrated in Figure 4 -1 below. As seen, more than half of the respondents' fuel of choice was E-10, which satisfy what was shown in Table 3 -1 as being a common fuel purchased. Also, it shows that majority (68%) of the respondents prefer ethanol blend fuel versus unleaded gasoline, E-0, (24%) when combined. Also, this collaborates with the fact that 85% of fuel sales statewide is E-10 based on the 2016 report by the Iowa Department of Revenue. It is important to note that in few cases the E-0 and E-10 is disperse from the same pump so some respondents may not be aware fuel they purchased. However, respondents who purchased E-10 or E-0 were also asked why they did not purchase a higher ethanol blend. About 36% stated that it was due to incompatibility, and 33%
said other reasons such as price. Only 12% selected fuel mileage while 18% claim they did not know. to be cost. It is no surprise that those who fuel preference was E-85 stated the reason to be environmental reasons, 9%, as well as to support the agriculture industry, 9%. Also, respondents who purchased mid blend ethanol was mostly concerned with compatibility which is acceptable. 40% of respondents who purchase E-0 stated compatibility was their main issue.
To address to what extent cost was a factor in not purchasing E-85, respondents were asked whether they would reconsider their fuel choice to E-85 if the fuel they purchase was to increase by 25¢ increments. Based on Figure 4 -6 below, most of the respondents would still buy their fuel choice. However, there was slight decrease of respondents who answered no at the 50¢ and 75¢ increase but the 'don't know' response increased. So even though cost was an influential factor, respondents still seem reluctant to purchase higher ethanol blend, E-85 specifically. In some cases, vehicle compatibility was the main issue. This was used to determine what are the odds a specify gender will purchased an ethanol blend fuel. Hence the fuel purchase by gender is illustrated in Figure 4 -13 below. The figure shows that the female and male respondents gave very close responses but using the odd ratio females were 1.08 more likely to purchase ethanol blend fuel. In Figure 4 -14, age range 50 to 64 were accounted for the ethanol mid blend purchased.
Also, E10 and E0 were popular among the younger adults. Using the odds ratio individuals were 1.45 more likely to purchase E10 than any other fuel. The age range was simplified to young (18 to 29), mid (30 -49), and old (50 and above). Individuals who fell under the midrange were 1.61 more likely to purchase E85 than the younger respondents. Also, the younger respondents were 1.03 and 1.10 more likely to purchase E10 than mid and older respondents respectively. 
Logistic Regression Model Results
The logistic regression model was used as the predictive model to determine which variables increase the probability to purchasing a higher ethanol fuel blend, E-15 to E=85. Table 4 -2 below displays the results of the first model which considered all the data collected.
In this model the habitual practice and environmental benefits reasoning were significant as well as fuel option available and convenient location of the fuel stations influences the probability of selecting a higher blend of ethanol fuel. Moreover, the respondents openness to purchasing a higher blend was also a factor as the model shows that the unlikely response to purchasing a vehicle that is more efficient to higher ethanol blend in the future was significant. A second model was developed to look at vehicles who did not list compatibility as the issue to why they did not purchase a higher ethanol blend of fuel. Table 4 -3 below displays the results which is similar to the previous model. However, in this model, the awareness of other fuel blends available at the respective station shows significances. As well as, regarding the openness to purchasing a vehicle that can efficiently use a higher ethanol blend fuel variable, both ends of the spectrum was significant, 'likely' and 'unlikely'. 
Conclusion
In conclusion the choice of fuel among responders was E-10, followed by E-0.
Additionally, both compatibility and cost mostly influenced consumers. However, even though cost was a factor, individuals still seem reluctant to purchase higher ethanol blend, E-85
specifically. This was revealed when asked if the price for lower blend ethanol (E-0 to E-15)
is increased, majority of responders would still buy this type of fuel when compared to E-85.
Also, the results showed that individuals had a higher income were not fully open to purchasing fuel efficient vehicle even though they are likely to be more educated and have more disposable
income.
The models showed that environmental benefit and habitual practices for main reason for fuel choice, as well as the fuel options available and the convenient location to selecting a particular station were highly significant on probability to selecting a higher blend.
Limitation
Throughout the data collection there was always the possibility on whether respondents interpreted the questions correctly. Also, the zip code of the respondent could have been acquired to do additional analysis to determine whether the customers were commuters or locals as they listed the station to be in a convenient location. Moreover, it could have been used to determined whether are any clusters.
